ABSTRACT: The composition of the soil solution of various horizons of Galician soils was studied to gain insight into the direction of the processes of weathering and neoformation by means of stability diagrams of the clay minerals. The soil solution was extracted by compression at various pF values. The most significant results are as follows: In all the cases studied the mineral in equilibrium with the soil solution is a 1:1 phyllosilicate. As the pF at which the soil solution is extracted increases, corresponding to smaller pore size, pH increases and silica concentration falls. The stable mineral does not vary significantly between different horizons of the same profile. Each parent material gives rise to a different zonation in the stability diagrams. The predictions of the stability diagrams are in general agreement with the mineralogical data of the clays of the horizons in question. Finally, weathering processes in Galicia are briefly commented on.
The use of water composition data in mineral stability studies is a method frequently employed in recent years, especially since Garrels & Christ (1965) , Kittrick (1969) and other authors expressed their ideas on the relationship between the soil solution and the present and future mineralogical composition of the soil.
The validity of the method has been the subject of some controversy, since it may be supposed that an open system such as the soil never reaches equilibrium conditions, but rather a steady state (Johnson, 1971) . Equilibrium concepts would thus only be applicable if the reaction rate and residence time were large enough, conditions which are obviously not satisfied in all cases.
In spite of this limitation, there is no doubt that the method may give a valid indication of the general tendencies of weathering and neoformation. It has been used in this way by several researchers: Feth et al. (1964) and Sutherland (1970) use data from ephemeral and perennial springs; Tardy (1971), Garcia Sanchez & Saavedra (1975) and Garcia Paz et al. (1977) from rivers and streams; Upchurch et al. (1973) and Grandal et al. (1976) from lysimetric waters, etc.
However, spring water, the water of rivers and streams, and lysimetric waters cannot be expected to be in equilibrium with the minerals of the clay fraction of the soil. If equilibrium is attained at all, it will be between these minerals and the soil solution of each horizon and it cannot be assumed a priori that the water of rivers, streams or springs, or lysimetric waters, accurately reflect the composition of the soil solution. Various researchers have discovered empirically significant differences between the composition of lysimetric waters and that of the corresponding soil solutions (Shilova et al., 1961 (Shilova et al., , 1962 (Shilova et al., , 1963 Samoylova & Demkin, 1976) . These differences are readily understood when one remembers that lysimetric water is fundamentally gravitational water which filters rapidly and which consequently interacts much more weakly with the solid phase. All the more reason, therefore, to expect differences between the composition of the soil solution and that of spring, river or stream water (Birkeland, 1974) .
For these reasons it would be more appropriate to use the soil solution itself for the study of mineral stability by means of stability diagrams. An example of such a study is the recent work of Wilke & Schwertmann (1977) in which the soil solution is used to determine whether the gibbsite present in a profile is stable or not under present conditions. The aims of the present authors were: (1) to study mineral stability using the soil solution extracted by compression at various pF values from different soil horizons; and (2) to compare the information so obtained with that derived from the study of stream water flowing over the same parent material and with the data now available on the mineralogy of the fine fraction of Galician soils.
MATERIAL AND METHODS
Samples were collected from eight profiles of Galician soils over a variety of parent materials: gabbros, amphibolites, mica-schists and granites. In Table 1 the main characteristics of the horizons studied are indicated. Macías et al. (1977) .
† The data on this profiles are to be found in Actas del I Congreso de Suelos de Galicia, NW España (Guitian et al., 1973) .
The samples, collected at field capacity humidity conditions (pF ≈ 2.5), were subjected to extraction of the soil solution by compression at pF 3.0, 3.5 and 4.2, using the Richards (1941) cell. In some horizons Ishcherekov's (1907) method of displacing the solution with ethanol was used, but this procedure was discarded owing to the discrepancy between the results so obtained and those obtained by the compression method.
The following determinations were carried out on the solutions: pH; Ca, Mg, Na and K by atomic absorption spectroscopy; Si by spectrophotometry of the silico-molybdic blue complex and A1 by spectrophotometry with aluminon as chromogenic agent (Guitian & Carballas, 1976) .
RESULTS AND DISCUSSION
The data obtained from the analysis of the soil solution at different pF values are given in Table 2 . The following conclusions may be arrived at from a critical study of these data:
1. The effect of the holding energy, and so of pore size, is limited to a small rise in pH and a decrease in SiO 2 concentration as the equivalent diameter decreases.
These variations are easily observable when one considers the mean values for each pF in all the profiles developed over the same material (Fig. 1) .
The interpretation of these results is very difficult. In the first place, the low pH values (water from pores between 3 and 10 µm) are not accompanied by a reduced cation content, so that it would seem necessary to attribute them to the effect of the biological activity, which takes place chiefly in medium or coarse pores: the liberation of CO 2 and perhaps of organic acids would be responsible for these low pH values. A similar interpretation is given by Samoylova & Demkin (1976) for the differences in composition of the soil solution extracted at 5 and 10 atm.
Secondly, in the soils analysed we find that the pH 4 SiO 4 value rises with pF ( Fig. 1) , which should favour the formation of SiO 2 -poor minerals such as halloysite and kaolinite in the pores of least diameter. Nevertheless, we consider that these results are insufficient to establish beyond doubt a difference between the geochemical processes taking place in pores of different sizes, since the data from water retained in 0.2-10 µm pores can probably not be extrapolated to macropores (> 30 µm) or to hygroscopic porosities (<0.2 µm).
2. Where the various horizons of a single profile are concerned, such mutual differences as are observed are of little significance.
We need only mention that the rise in pH and the fall in silica concentration with rising pF are more marked in the horizons rich in organic matter. In any case, these differences are not so great as to change the mineral in equilibrium with the soil solution.
It may therefore be concluded that in the samples analysed neither the quantity nor the type of organic matter greatly affect the equilibria defining the inorganic composition of the soil solution.
3. The most clearly observable effect is that of the parent material. When the data of Table 2 are represented in the stability diagrams proposed by different authors (Garrels & Christ, 1965; Tardy, 1971; Tan et al., 1973; Rai & Lindsay, 1975; etc.) it is found that in all the systems analysed the mineral in equilibrium is kaolinite. By way of an example, we have represented the SiO 2 -A1 2 O 3 -K 2 O-H 2 O system using the diagram proposed by Bolt & Bruggenwert (1976) (Fig. 2) .
It may be seen that, even though all the points obtained are within the stability field of the 1:1 clay minerals, there is a different zoning for each parent material, generally agreeing with the mineralogical data obtained for the soils developed over these materials. Thus in the case of the gabbros and amphibolites we find that, even though single-layer silicates are the most abundant minerals in the weathering profiles of both materials, in the gabbros gibbsite is frequent whilst in the amphibolites there is a greater tendency to produce smectite-type minerals in poorly drained areas (Macias et al., 1977) . Both associations are easily explained from the data displayed in the diagram of Fig. 3 . Similar results were obtained in a study of water from streams flowing through the same types of rock (Garcia Paz et al., 1977) . Fig. 2 it may be seen that there are very few points which reach or approach quartz saturation (samples nos. 34, 38 and 46). Thus it may be held that there is a predominant tendency towards the formation of silica-poor minerals. This tendency is reflected on using the diagram proposed by Tan et al. (1973) for the relationship between kaolinite and gibbsite; a large number of points (nos. 12, 14, 15, 29, 30 and 32) are situated relatively close to the stability field of gibbsite (Fig. 3) .
Nevertheless, in the clay fraction of Galician soils there are also found illite-type minerals more or less degraded to vermiculite. According to the results obtained in the analyses of soil solution, and other similar data from river and stream water and lysimetric water (Garcia Paz et al., 1977) , these 2:1 minerals should not be stable in the present pedogenetic conditions, and should therefore evolve towards 1:1 phyllosilicates. These results agree with mineralogical analyses of the clay fraction of Galician soils, according to which the principal minerals are: illites, usually appreciably degraded to vermiculite, 1:1 clay minerals (kaolinites, more or less ordered, and halloysites which are generally little hydrated) and, to a much smaller extent, gibbsite. Smectite-type minerals are very rare and limited to particular topographical locations. There are, besides, fairly abundant Fe-and Al-rich amorphous components (Macias et al., 1977) .
The question now posed is whether the formation of minerals such as kaolinite, halloysite and gibbsite in Galician soils should be attributed to Tertiary or Pleistocene paleoclimates, as has been suggested for several European soils (Wilson & Tait, 1977; Wilke & Schwertmann, 1977) , or whether these minerals are in equilibrium under the present pedogenic conditions, so that the attainment of this state of weathering is no more than a question of time, variable for each material and 'aggression system' (Hénin et al., 1968 Bolt & Bruggenwert (1976) The data available to us are still insufficient to decide this problem in Galicia. Moreover, the possible action of organic matter is not known (and has not been taken into account in the stability diagrams). Evidently, organic matter might 'sequester' a high proportion of Al, thus blocking its evolution towards crystalline forms. Such a sequestration process might explain the high proportion of non-crystalline components that form part of the colloidal fraction of Galician soils.
